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ADVANCE RESTRICTED REPORT

INVESTIGATION OF EFFECT OF SIDESLIP ON
LATERAL STABILITY CHARACTERISTICS
IT ~ RECTANGULAR MIDWING ON CIRCULAR FUSELAGE
WITH VARTATIONS IN VERTICAL~-TAIL AREA AND
FUSELAGE LENGTH WITH AND WITHOUT
HORI ZONTAL TAIL SURFACE
By Thomas A, Hollingworth

SUMMARY

Power-off tests were made in the 6- by 6-foot test
section of the Langley stability tunnel to determine the
variation of the statlc lateral stabllity characteristics
wlth verticsal-tail area, fuselage length, and wing dlhe-
dral. Two NACA 23012 rectangular wings with rounded tips
and dihedral angles of 0° and 5° were tested alone and
In combination with three clrcular fuselages of dlfferent
lengths. The wing-fuselage combinations were tested as
midwing monoplanes with and without a horizontal tall and
wlth variations 1n vertical-tall area. The results are
presented as curves showing the varlation of the statlc-
lateral-stablility slopes wlth angle of attack, and the
rolling-moment, yewing-moment, and laterasl-force coeffl-
clents with angle of yeaw.

The results lndlcated that the wing-fuselage inter-
ference on the slope of the curve of yawlng-moment coef-
flclent agalnst angle of yaw an and on the slope of

the curve of lateral-force coefficient against angle of
yaw CYW was small and remained practicslly constant

over the unatalled angle-of-atthck range. In the high-
speed flight range, the wing-fuselage interference on
the vertlical tall was small eand, In the normal flight
renge, was not appreciably changed by an 1ngrease 1in
fuselage length or vertical-tall area for the slzes
Investlgated.
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With no vertical tall, increased fuselage length
caused a negligible change in cnw for the fuselage

lengths tested. For the complete model, an

epproximately linesrly with fuselage length. The
slopes an' and GYW increased aspproximately linearly

with vertical-tall area. For the system of axes used,
the slope of the curve of rolling-moment coeffilclent
against angle of yaw CZW increased with vertiocal-tail

increased

area at negative end small positive angles of attack but
decreased at large ponsitive angles of attack. The results
also indicated thet lncreased dihedral engle slightly
decreased the rate of change of Cry, with vertical-teil
area but had a negligible effect on"the rate of change

of Cny with fuselage length. An appreclable increase

in C, was caused by the end-plate effect of the
herizontal tall on the vertical tail.

INTRODUCTION

The trend toward greater speed and higher wing loadings
and the lncreesed consclousness of the importance of
satisfactory flylng gualitles heave resulted in additional
attention belng glven to handling characteristics in sair-
plane design. Mathematlical equations and convenlent
charts for predicting the leteral stabllity characteristics
are glven in reference 1., In order to use thls material,
however, 1t 1s necessary to know the stabillty derivatlives,
which vary wlith each sirplane conflguration. A series of
Investigations has therefore been undertaken in the
Langley stebllity tunnel to determine the variatlion of
both the static-stablllity and rotary-stabillity slopes with
various alrplesne parameters,

The prresent Iinvestigation 1s a continuation of the
Investigation described In reference 2 except that, for
the vresent tests, the fuselage was equipped with a
rectangular wing in the mldposition. The purpose of the
investigation, which was conducted in the 6- by 6=-foot
test section of the Langley stabllity tunnel, was to
determine experimentsally the effect, wlth the propeller
off, of verticel-tail area, fuselage length, wing dihedral,
interference, and the presence of the horlzontal tail on
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the static lateral stability characteristicas. A geomet-
rically similar model has been tested 1n the Langley T7- by
10=-foot tunnel (reference 3) and the data may be used to
correlate the results in the two tunnels.

Tests were made of a model thet had dimensions pro-
portional to those of the average alrplane. The ratios
of fuselage length to wing span and of vertical-tall
area to wing area investigated were taken to bracket the
range commonly used on present-day alrplanes.

APPARATUS AND MODEL

The tests were mede in the 6- by 6-foot closed-
throat test sectlon (adjusted for straight flow) of the
Langley stebllity tunnel.

A three-view drawing of the model tested, which was
constructed of lamlnated mahogany, 1s given in figure 1.
Flgure 2 shows the model mounted on the three support
struts for tests in the tunnel.

The two rectangular wings used for the tests have
dihedrel angles of O° and 5° and, in elevation, the
maximum upper-surface section ordinates are in one pleane.
Each has an sspect ratio of 6.4, and an area of 361 square
Inches, which Includes the portion inside the fuselage.
The NACA 23012 profile 1s malntained slong the entire
span.

The fuselage 1s of circular cross section and was
constructed as described in reference 2. 7Tts dimensions
are presented in table I. With the shortest tall cone
attached, the fuselage 18 geometrically simlilar to that
of reference 3.

Five interchangeable vertical tails and the horizontal

tall were made to the NACA 0009 section (fig. 1l). Their
dimensions are presented in table II.

TESTS

The wings with dihedral angles of 0° and 5° were
tested alone at angles of yaw of =5° and 5° over an
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angle-of-attack range from -10° to 20°. The model combina-
tions tested are shown in table III. Model comblnations
were tested at angles of yaw of -5°, 0°, and 5° over an
eangle-of-attack range from -10° to 20° and at angles of
attack of -0.2° and 10.3° over an angle-of-yaw range

from -30° to 12°.

Tests 1n which the angle of attaeck was varied were
run 8t a dynamlc pressure of 65 pounds per square foot,
which corresponds to a Reynolds number of approximately
888,000 based on an 8-inch wing chord. Tests in which
the angle of yaw was varled were run at a dynamic pressure
of 65 pounds per square foot at an angle of attack of -0.2°
and at O pounds per square foot, which corresponds to
a Reynolds number of about 546,000, at an angle of attack
of 10.3° to minimize the possibility of compressibility
effects at large angles of attack.

The rolling-moment data are not presented for a few
tests, because the tare readings were inconsistent.

PRESENTATION OF DATA

The results of the tests are presented in standard
NACA coefficlents of forces and moments. Rolllng-moment
and yawlng-moment coeffliclents are glven about the center-
of-gravity location shown in figure 1. The data are
referred to the stebillity axes, which are a system of
axes having thelr origin at the center of gravity and in
which the Z-axls 1s 1n the plane of symmetry and perpen-
dicular to the relative wind, the X-axls 1s In the plane
of symretry and perpendicular to the Z-axls, and the
Y-axis 1s perpendicular to the plane of symmetry.

The coefflclents and symbols used are defined as
Follows:

cr, 115t coefficlent (I/aSy)

Cp drag coefficlent (D/ qu)

Cy lateral-force coefficlent (Y/qS“D

GYW slope of curve of lateral-force coefficlent
against angle of yaw 6CY/6\U)

Cy rolling-moment coefficlent <;'/qbsw)
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slope of curve of reolling-moment coefficlent
against angle of yaw (6QL/BW)

vyawing-moment coefficient (N/dbsw)

slope of curve of. yawlng-moment coefficient
egainst angle of yaw <§Cn/5W)

increment of an or GYW caused by wing-fuselage
Interference

increment of Cn or CY caused by wing-fuselage
interference gn vertlcal tall

tall=volums coefficient

force along X-exis; positive when dlrected downstream

force along Y-axis; positive when dlrected to the
right

force along Z-axls; posltive when directed upward

yawing moment about Z-axis; positive when tends to
retard right wing

rolling moment about X-axis; positive when tends
to devress right wing

dynamlc pressure @'—pva)

free-stream veloclty

mass density of alr

wing area (2.507 sq ft)

wing span (L ft)

dihedral angle, degrees

tall length; measured from center of gravity, whilch
1s assumed to be 10.}40 inches behind nose of

model on center line of fuselage, to hinge line
of tall surface
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S¢ vertical-tall area
a angle of attack, degrees
'/ englse of yaw, degrees

The statlc~lateral-stebllity slopes an. CZW’
and GYW were obtained from data messured at ¢ = £5°

since the yaw tests showed that the coefflclents had an
approximatelg linear variation in the range of angle of yaw
from5° to -5°. 1In ordsr to indicate the validity of this
procedure, the slopes obtalned from yaw tests at ¢ = 00
are plotted with tailed symbsls in the fipures.

The accuracy of OCp, CL’ and Cy wes determined

experimentally to be about t 0.0005, +0.0005, and
$0.001, resvectively, at & dynemic pressure of 65 pounds
per square foot. The average experimental accuracy of
Cnys O1y» 804 Cy, 1s about 0.00010, 0.00016,

and $¥0.0002, respectively. The accuraclies of the angle-
of-attack and angle-of-yaw measurements are about 0.1°
and 0.05%, respectively.

Angle of attac and draz coefflcient were corrected
for tunnel-wall offect by the following formulas:

Sw
—a Sw.o 2 _ 2
ACp = By —Cp° = 0.0106C!
where
Gy Jet=boundary correction factor at wing (0.1525)
C cross-sectionsl area of tunnel (36 sq ft)

Both corrections are additive. No Jet-boundary correc-
tions were applled to C;, C,, and Cy. The correction

to GY is within the experimental error, whereas the
correctlions to Cn and Cz would be subtractive end
equal to about 1 percent.
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The CL and GD deta were corrected for the support-
strut effect; no corrections were applled. to GY’ GZ’
or O, since previous results indicated the meagnitude

of these corrections to be small for thlis model and support
system.

The values of Al and A2 for C for the model

n
without wing fillets were obtalned by thg followlng
formulas:

A =C -{C +Cp
1 n
cn\l' n"’wing-fuselage combination ( "’wing "’fuselag>
Aacn =C -{C
v n"l"c:ompleise model (nwwing
+ Cp +Aicn\|)
fuselage with hor. and vert. talls on

The values of 8, and A, for CYW may be obtained in

the same manner. The method used to obtain Al and A2 is

the same as that of reference L. The following formule
(by which the value of Cj, for the complete model 1is

obtained) 1s an example of the application of the incre-
ments A; and LEE

c = C + C
my nwwing nwfuselage wlth hor. and vert. talls on

The interference between the fuselage and vertical
tall and the interference between the fuselage and
hori zontal tall were not determined.

[l ft-coefflcient and drag-coefficlent data for
representati ve model configuratlons are shown in flgure 3.
The lateral-stabllity slopes an and GYW for the wing
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are presented in figure l;. The data presented in the
flgures are summarized in table IV,

DISCUSSION

The statlc-lateral-stability slopes cn and CYW

remained practically constant over the unstalled angle-
of-ettack range (figs. 9 to 13, 15, and 16). Wwith the
saystem of axes used, the center of pressure of the vertical
tall varied wilth respsct to the X-axis. At negative and
small posltive angles of attack, the center of opressure

was above ths Y-axls and, therefore, the slde force on

the vertical tall caused a posltlive lncrement of CZW'

The opposite was true at large positive emgles of attack,
since the center of pressure of the vertical tall was
below the X-axis.

The Jags In the curves of lateral-force, rolling-
moment, and yawing-moment coefficients noted in figures 8,
13, 16, and 18 can probably be attributed to vertical-
taill stalling.

Interference Effects

The lncrements caused by wing-fuselage interference A
and by wing-fuselage interference on the vertical tall A

were computed by the equetlons previously glven. The 2
fuselage data (with and without tail surfaces) used in
these computations were taken from reference 2. The
other data were obtalned from the present investigation.

The magnitudes of Alcnw and Alch are small and

remaeined practically constant over the unstalled angle-
of-attack range (fig. 5). The change in the magnitude
of these quantities with fuselage length was within the
experimental accuracy for the fuselage lengths tested.

Both A2°nw and AZGYW varied aoppreclably with

angle of sttack but thelr magnitudes were small in the
high-speed flight renge. (See fiﬁ. 6.) FReplacing
vertical tall 2 by vertical tail I (a L6-percent
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Increase in area) only slightly changed the magnitude of
these quaentities 4in the normal flight range...As indicated
by previous experimental data (reference L), the varla-
tion of Aacnw and AZGVW with the fuselage lengths

tested was generally small in the normal flight range.

Effect of Horlzontal Tall

Theory indicates that the presence of the horizontal
tall Increases the effective aspect ratio of the vertlical
tall and thus increeases an and GYW (reference 5).

A pronounced increase in these quantl ties was obtalned

in the nresent lavestigation by the 2ddltlon of the
horlzontal tai1l. This increase diminlished somewhat with
a posltive ‘ncrease In sngle of atteck. (See figs. 7T

and §.) &4 correiation of the results of prsvious airfoil
tests in thas Lanrley stablllity tunnel indlcates a value
of C.105 for the section 1lift-curve slope of an

NACA 0009 airfoll. By substituting this value for the
theoratical section lift-curve slope of 0.109 in squa-
tion (4) of referance & and »y the use of figure 5 in
reference 5, an incremantal increase in CYW of 0.0010 was

computed for the end-vlate effect of the horizontal tail
on vertical tull L. An everage exnerimentsl increment

of 0.0010 was obtained for the model with a dihedrual

angls of 0° and 0.0015 for the model with a dihedral angle
of 5°. The end-plate effect of the horizontal tall

on CLW amounted to about 1° of effective dihedral.

With the vertical tall off, the magnitude of the
static~lateral-stability slopes was not appreciably
affected by the addition of the horizontal tail. (See
figs. 9 end 11.)

Effect of Changes in Fuselage Length

Within the scope of the present investigation, a
neglligible increase in an was obtalned by increasing

the fuselage length for the model with no vertical taill.
(See figs. 9 to 11. For the complete model equlpped

with vertical tall L, the increase in an wlth fuselage
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length was approximately linear and falrly constant over
the unstalled angle-of-attack range. (See figs. 12 to 1L.)
The variation in CZW end GYW was small both with and

wlthout a verticel tall for the fuselage lengths tested.

Effect of Changes 1in Vertical-Tall Area
The increeses 1in cnw and CYW with vertical-tall

area were approximately llinear and the magnltudes were
nearly constant over the unstalled angle-of-attack range.
(See filgs. 1L to 16.) 4s would be expected, at negative
and amall posltive angles of attack, CZW increased with

vertical-tall area whereas, at large positlve angles of
attack, Czw decreased wlith increased vertical-tall

area.

Effect of Changes with Constant Tell Volume

In figures 17 and 15 the result of changing the
fuselage length and vertical-tell area in such a manner
as to hold the teil volume constant 1s shown. The configu-
rations tested in which the tall volume remeined constant
are shown in table V. Data from figures 17 and 1§ are
cross~plotted in figure 1. All the vertical talls tested
had an aspect ratio of 2.15.

The slope T, sShould remain approximately the
same with constantVtail volume. The smell experimental
variation 1s possibly caused by interference or might be
explained by the arbitrary manner in which the tall-
volume coefflclent was defined.

The values of Clw and CYw are dependent mainly

on vertical-tall area and are practically independent of
tail length (fig. 1ll). Tor the range of variations giving
constant tall volume, the change in CZW was not more

than sbout 0.0002, which 1s equivalent to about 1° of
effective dlhedral.
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Effect of Changes in Dihedral

The slope ch "generally was slightly greater

for I = 5° than for I = 0°. (See figs. 9 to 13, 15,
and 16.) With the vertical tall off, the change
in an with dihedral angle was insignificant (fige. 9

to 11) but, with the vertical teil on, C,  was slightly

larger for I' = 0° than for I'=5° (figs. 12 to 16).
Figure 1, shows that increased dihedral sngle slightly
decreased the rate of change of an with vertical~-tail

area but had e negligible effect on the rate of change

of cnw with fuselage length.

The change with dlhedral angle of wing-fuselage
interference and wing-fuselage interference on the vertical
tall was small.

Comparlison of Data from Langley 7~ by 10-Foot
and Langley Stability Tunnels

The model tested in the Langley stabllity tunnel
1s 0.8 as large and geometrically similar to the one
tested 1n the Langley 7- by 10-foot tunnel for the
Inveati gation of reference 3. The test Reynolds number,
bassed cn the wing chord, was about 619,000 for the
Lengley 7~ by 10-foot tunnel compared with about
888,010 for the Leangley stabllity tunnel. The effective
Reynolds number, however, was about the same since the
turbulence factor for the Langley 7- by 10-foot tunnel
1s 1.6 compared with less than 1.1 for the Langley stability
tunnsl. Data taken from reference 3 were converted to
the stabllity axes and the sngle of attack was corrected
for tunnel-wall effect in order to make the data comparable
with daeta from the Langley staebility tunnel. Flgure 19
shows that satisfectory agreement was obtalned for all
three statlic-lateral-stabllity slopes. In both tunnels
the model, when yawed, tended to roll violently at the
stall,

CONCLUSIONS

The results of tests of a model oonsisting of a
rectangular midwing on a circular fuselage with variations
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in vertical-tall area and fuselage length with and with-
out a horlzontal tall indicated, for the range of con-
figuratlons tested, the following conclusions:

l. The wing-fuselage 1nterference on the slope of
the curve of yawlng-moment coefficlent against angle of
yaw cnw and the slope of the curve of lateral-force

coefficlent agalnst angle of yaw GYW was small and

remalned practlically constant over the unstalled angle-~
of-attack range. In the high-speed flight range, the
wing-fuselage Iinterference on the vertical tall was

small and, in the normel flight range, was not appreciably
changed by fuselage length or by an increase of about

8 percent in vertical-tall ares.

2. The end-plate effect of the horizontal tall on
the vertical tell sppreclably increased cnw end GYW'

Good agreement was obtalned betwesn experimsntal and
computed wvalues of CYw'

3., Increasing the fuselage length with no vertical
tail resulted in a negligible change 1n an for the

model, both with and without a horizontal tall. For the
complete model, the lncrease in an was approximately

linear with fuselage length. Ths changes Iin the slope
of the curve of rolling-moment cosffliclent agalnst angle
of yaw CZW and in Cy wlth fuselage length were

Ty
small.
L. The increases in cnw and CYW with vertical-

tall area wsere approxlmstely linear. For the system
of axes used, an incrsase in vertical-tall area increased
CLW at negative and small positive angles of attack but the

opposlite was true at large nositive angles of attack.

5. Tnereased dihedral angle slihtly decreased the
rate of change of an wlth vertieal-tail area but had

a neglicible effect on the rate ol change of an with
fuselage length.
Langley wemorlal Aesronautical Laboratory

Vational Advisory Committee for Aeronautics
Lengley Field, Va.
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TABLE I

FUSELAGE DIMENSIONS

Fuselage |Tall~cone|Tall length, I [pail length 1
Fuselage | length length (1n.% =
(15.) (15.) wing spen D
Short 32,25 9.85 20.07 0.,418
Medium | 37.05 ;.65 2l.87 .518
Long 41.85 19.45 29.67 . 618
TABLE II

TAIT~SURFACE DIMENSIONS

SE;}ice Designation ?:iligfﬁa Tall area | Aspect
?1) Wing area | ratio

Vertical 1 10.83 0.0300 2.15
Do==~ 2 25%.78 .0659 2.15
Do=--- 3 28.37 .0786 2.15
Do~~~ Iy 35.16 .097L 2.15
Do-=- 5 L,6.20 .1280 2.15
orizontal |~-==~eceea- 6l.21 .178 3.99

1Area measured from root chord at center line of fuselage.

NATIONAL ADVISORY
CO¥MMITTEE FOR AERONAUTICS
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TABLE ITI

MODEL COMBINATIONS TESTED

[P = 0o and 5°]
et | VT | eusetage | vertebis
off
1l
2 Short,
medlum, a
"3 and long
Ly
p,
On
2
Long
L
W
>
Medium
L
L
Short
off
off Off Long a and V¥
I Short

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE TV
PRESENTATION OF RESULTS

16

Flgure Descrintion of figure prggggted
3 |Ilft and drag curves for repre- Cr, and
sentatlive model configuration Cp a8 f(a)
i |[Slope of yawing-moment and Cp,, &nd
lateral-force coefflclents for g as f£(a)
NACA 23012 rectanguler wing Yy
5 |Effect of wing-fuselage inter- 4,7C,, and
ference
as f(a
AlcY\l; (a)
6 |Effect of wing-fuselage inter- A5Cp, ond
ference on vertical tail ALC as f£(a)
2 Yy,
T End-plate effect of horlzontal an’ CLW’ and
tall C as f(a)
Yy
8 |End-nlate effect of horizontal Cps C7» and
9 Effect of changlng fuselage Cph,» Cy3,., &nd
length (no tall surfaces) gy as f(a)
v
10 [Effect of chenglng fuselage length|s,, Cy;» and
(no tall surfaces) Cy &s £LV)
11 Effect of changing fuselage length an, Czw and
(horizontal tall on; vertical c as f£(a)
tall oft) Yy
12 Effect of changing fuselage length an, CZW, and
(horizontal tell and vertical c as f(a)
tall L on) Yy,
13 Effect of changing fuselege length|C,, C;, and
(horizontal taell and vertical Cy as £(v)
omm e hell Noon) .

LY Lt ..——-I-l-*"

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV - Concluded
PRESENTATION OF RESUNL{S - Concluded

Figure Description of fizure Data
presented

1, | Effect of chanuing fuselage length|C y CLI, and

15 Effect of changing verticeal-tail an, CLW’ and

area
CYW as f(a)
16 |Effect of changing vertical-tall |[C,, C;, end
area CY as f(w)
17 |Effect of changes with tail volume|Cp,, Chy- and
constant hd
CYW as f(a)

18 | Effect of changes with tail volume Cps C1s &nd
constant Cy as £(¥)

19 Comparison of data from Langley
gtabllity and Langley T7- by
10-foot turnels ) GYW as f(a)

C'nw, Czw, and

MATIONAL ADVISORY
COIMMITTEE FOR AERONAUTICS



TABIE V

MODEL CONFIGURATIONS EAVING CONSTAFT TAIL VOLUME

t 1 S 1S
Wing span D! Wing area ©y N
L Short 0.416 0.097L 0.0L07
Medium .518 .0786 .0L407
2 Long . 618 .0659 .0L07

NATIONAL ADVISORY '
COMMITTEE FOR AERONAUTICS
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Figure 1.— Rectangular NACA 230/2 wing in combinalion with
circvbar fuseloge, verlical and horizonfal 1ails, ond

tarl cones . All dimensions qiven in inches.



Figure 2.- Rectangular-midwing model equipped with short fuselage and
vertical tail 5 mounted for tests in Langley stability tunnel.
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Fig. 16a NACA ARR No. L5C13
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